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' inLSaip^^ examination r.port and its annexes, ii any. established on the international apphcat.on. 

2. A copy of the report and hs annexes, [t any. is being transmtued to the (ntemationa! Bureau for communication 
to all the elected omces. 

3 Wh.re required by any of the elected Offices, the International Bureau will prepare an English translation of the 
' report (but not of any annexes) and wilt transmit such translation to those Offices. 
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The applicant must enter the national phase before each elected Office by perforrning certain ^^^^^^^^^ 
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Where a translation of the international application must be furnished to an elected Office that translation must 
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PCT Applicant's Guide. 



Nanr^e and mailing address o( (he IPGA/ 

European Patent Office 
-^11 D-S0298 Munich 

Tel. -Hie 89 2399 - 0 Tx: 5236S6 epmu d 
Fax: -Me 69 2399 - 4465 



Authorized officer 
Ride, M-C 

T©l.+49 89 2399-6082 



Form PCT/IP6A/4,16 (July 1992) 



08/08 '00 14:54 ©39 2 9332622 



CRYOVACSEALEDAIR DUNCAN PATENT 



a 003 



PATENT COOPERATION TREATY 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applic5int's or agenfs fite referonco 
D-43072-01 


See Notification of Traj^smiltal of Inter nationat 
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Intemationai filing <3at9 (dny/monih/yesr) 
04/10/1999 
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1 . This inlernationai preliminary examiriation report has been prepared by this International PrQiiminaty Examining Authority 
and is transmitted to the applicant according to Anicle 36. 

2. This REPORT consists of a total of 4 sheets, including this cover shesi. 

□ This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis tor this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



3, This report contains indications relating to the following items: 



Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability: 
citations and explanations suporting such statement 
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proliminar/ examining authority: 

European Patant Office 

D-80298 Munich 
T«l. +49 89 2399 - 0 Tx: 523656 ©pmu d 

Pax: +4S 89 2399 ■ 4465 



Authorized officer 
Schambeck, W 

T^iephoHQ No. +49 89 2399 2135 




Form Pr,T/IPPA/4r>Q ^rnvor shaon rJannarv 



08/06 '00 14:55 ©39 2 9332822 



CRYOVACSEALEDAIR DUNCAN PATENT 



(21004 



• 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/EP99/07338 



1, Basis of the report 

1 This report has been drawn on the basis of {substitute ^Iw^ls which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as ''originally fil0d" and are not annexed to 
the report since they do not contain amendments,): 

Description, pages: 

1-11 as originally filed 



Claims, No.: 
1-11 



as originally filed^ 



2. The amendments have resulted in th& cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4. Additional observations, if necessary: 



HI. 



Non-eslablishmcnt of opinion with regard to novelty, inventive step and industrial applicability 



The questions whether the claimed invention appears lo be novel, lo involve an inventive step (io be non-obvious), 
or to be industrially applicable have not been examined in respect ol: 



□ the entire international application. 
O claims Nos. 10. 



because: 



□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination (specify): 
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□ the description, claims or drawings {indicate particular oloments behv/) or said claims Nos. are so unclear 
that no meaningful opinion could be fom^ed (specffy): 



□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be tomied. 



0 no international search report has been established for the said claims Nos. 10. 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 



1. Statement 



Novelty (N) 


Yes: 


Claims 


1-9. 11 




No; 


Claims 




Inventive step (IS) 


Yes: 


Claims 


1-9. 11 




No: 


Claims 




industrial applicability (lA) 


Yes: 


Claims 


1-9. 11 




No: 


Claims 





2. Citations and explanations 
see separate sheet 
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INTERNATIONAL PRELIMINARY Intemational applicalion No. 

EXAMINATION REPORT - SEPARATE SHEET 



PCT/EP99/07338 



1 . The claimed invention is to be regarded as being novel because no disclosure can 
be found in the documents cited in the search report of a thermoformabie sheet 
comprising a first polypropylene foam layer and a second polypropylene foam layer and 
wherein the polypropylene of the first layer and the polypropylene of the second layer 
differ in flexural modulus. 

2. The claimed invention is to be regarded as involving an inventive step because it 
appears credible that the thermoformabie sheet for which protection is sought exhibits a 
good balance of thermoformability and stiffness and no technical information can be 
taken from the documents cited in the search report which might render the technical 
success achieved foreseeable. 
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AnL to Form PCT/IS A/206 
COMMUNICATION RELATING TO THE RESULTS 
OF THE qtflhAL INTERNATIONAL SEARCH 



1 

m 



^mational Application No 

/EP 99/07338 



1 The preaent communication is an Annex_to the Invitation to pay additional fees (Form P0T/ISA/2p$). it shows the 
results of the international search estafiliihed on the parts of the international application which relate to the invention 
first mentioned in claims Nos.: 

1-9 11 

2.ThiB EwAimunication is not t he international search report which will be established according to Article 18 and Rule 43, 

3.1f the applicant does not pay any additional search fees, the information appearing in this oommunioation will be 
considered as the result of the intemational search and will be included as such in the international search report. 

4Jf the applicant pays additional fees, the intemational search report will contain both the information appearing in this 
communicaljon and the results of the international search on other parts of the International application lor Which such 
fees will have been paid. 



a docum£n rs coNsioeReu to be relevant 



Catwgwy * Citation of dacumerrt* with indic«tion,where appropriate, of ihe relevant pattogec 



Rotevarrt to olatm No. 



DATABASE WPI 

Section Ch, Week 9518 

Derwent Publications Ltd., London, GB; 

Class A32, AN 95-135446 

XPO02O95160 

6 JP G7 Q6Q815 A (ACHILLES CORP KK), 

7 March 1995 (1995-Q3-07) 
abstract 

WO 91 13933 A {JAMES RIVER CORP) 
19 September 1991 (1991-69-19) 
cited in the application 
claims 19-24 

page 22, line 19 -page 23, line 14 

GB 2 263 435 A (SHELL INT RESEARCH) 
28 July 1993 (1993-07-28) 

claims 1-3,7,9 
page 3, line 21 - line 26 
page 4, line 9 - line 33 

example 1 

EP 0 287 826 A (MITSUBISHI PETROCHEMICAL 
CO) 26 October 1988 (1988-10-26) 
column 3, line 54 -column 4, line 18 

-/-- 



1-3 



1-9,11 



1-9,11 



1-9,11 



FurthBrtJwurrwnts are lirted in th« wntinuation of box C. 



P»atont family rn»mfcwT^ orw listed in annox. 



" Special GASi^of 'tti of cited documenta : 

*A» docufnent defining thfr genera! atate of the art which ts not 

aofitadvtv^ to be; ttt particular relevance 
'E' earlier document but pubiiahed on or after tfis intemationst 

ftlins date 

'L' dooument which may throw doubts on priority □iaim(s) or 
whiah m oiicd Co establish the publicu^oh date of onoth^r 
Qftotion orolh«r ip«oi«l rwaoh (aa »t>«stfWd) 

"O" docum»ntr»f9rring to wi oral dlio|6*up»t u**. •xhlbltion or 
other means 

•P* document published prior to the intemationa] filing date but 
later than the priority dale claimed 



T later dooum^rrt pubfrchad aflerth«intemationfll filing dot» 
or pHortly ^^♦^ and not In oonfflot with thfi application but 
cited to Understand the prinapio or theory undedying the 
inverrb'an 

•V* document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be conavderBd to 
tnvoK/e an Inventfva atep when th« ddcun^ent k taken ^one 

document of parttoular irelovanoe; the clairrtod IhVehtion 
ctinnot b« oon4!der*d to invoK/c an bivontlve atep when the 
document ib combined with one or more other such docu- 
mcntfi, auoh oomblnoljon being obvlouc tti a person bkltlcd 
In the art 

•i' document member of the aame patent family 
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COMMUNlCATIpN RELATING TO THE RESULTS 
OF THE 9f0kl INTERNATIONAL SEARCH 



C.(CantinUatioa) DOCUMENTS CI 




intQm- -rtal Application No 

EP 99/07338 



RED TO BE fiELEVANT 



Category " 



Citation of dooument, wHh Indication. wtere apprflpriats. of lh« relevant paaflage? 



EP 0 841 155 A (JSP CORP) 
13 May 1998 (1998-05-13) 
claim 1 

page 4, line 31 - line 49 
page 4, line 54 -page 5, line 2 
page 5, line 29 - line 40 
page 5, line 52 - line 57 



Rflievant to claim No. 



1-9,11 



2 



Porm PCT/ISA/ZOa (Annex, coniinuation 4heel)tJJly ^992) 



page 2 of 2 
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INVITATION TO PAY ADDITIONAL FEES 



lonal application No. 
PCT/EP 99/07338 



This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows; 

1, Claims: 1-9, H (in part) 

A thermoformable, multilayer, co-extruded sheet comprising 
at least 2 PP foam layers obtained by chemical foaming, and 
having different flexural modulus; additional functional 
layers can be present (barrier layer, tie layer, 
heat-sealing layer). A thermoformed article obtained from 
such a sheet and refering to any preceding claim is also 
defined in claim 11. 



2. Claims: IG, 11 (in part) 

A thermoformable^ multilayer, coextruded PP foam sheet 
having a density in the range of 0,5 to 0.85 g/cm3, and a 
flexural modulus higher than 400 MPa. A thermoformed article 
obtained from such a sheet and refering to any preceding 
claim is also defined in claim 11. 



In view of claims 1-11 and of the description, the only coimon concept 
of the present application is a thermoformable, multilayer, 
co-extruded PP foam sheet . 

This structure is known as it is disclosed in JP706O816 (01) for 
example (cf. WPI abstract). 

Hence, the coninon concept is not novel in view of this prior art 
document. 

No other features in the claims or the description could be 
distinguished which could be considered as same or corresponding 
technical features in the sense of Rule 13.2 PCT, 

jh^P^foy-e, no single general inventive concept underlying the present 
set of claims (1 to 11) can be recognized; this application does not 
meet the requirement of unity of invention - Article 17-3. a) PCT, Rule 
13.1 PCT, 

Furthermore, the subjective problem to be solved mentioned explicitly 
in the description by the applicant is to provide a PP foam laminate 
exhibiting a good balance between thermoformabi lity and stiffness 
properties. This problem is solved by document (Dl) identified a bove 
cited as an X document in the search report, whereas it is noted that 
the flexural modulus is well known as a material property. 

2 (two) different non-unitary subjects can now be distinguished, 
each characterized by special or further technical features of the 
coimion concept identified above: 

I Such a multilayer material comprising at least 2 PP foam sheets 
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obtained by chemical foaming > and exhibiting different flexural 
modulus values > and a thermoformed article obtained therefrom (Claims 
1-9,11 in part) 

II Such a multilayer material having a density in the range of 0.5 
to 0.85 g/cm3, and a flexural modulus higher than 400 MPa> and a 
thermoformed article obtained therefrom (Claims 18, 11 in part) 

The problems underlying the 2 sets of claims may in both cases be 
regarded as to provide alternative thermoformable, multilayer 
coextruded PP foam sheets. 

The partial search report has been drawn up for the subject-matter of 
group I only. 

Searching the other invention would have caused major 

additional effort; therefore the applicant is invited to pay 1 (one) 

additional fee for the search of group II. 
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ient Family Annex 

n on patont fatfii^y mcn^befs 



Intemat Apptleatign No 

P^KP 99/07338 



Publication 
date 



Patent family 
member(s) 



JP 7Q60816 A 07-Q3-1995 
Wo"9n3933" 'a 19-09-1991 



NONE 



US 

AT 

CA 

DE 

DE 

EP 

ES 

JP 

OP 

JP 

KR 

US 

US 



5116881 
122701 
2078123 A,C 

69109860 D 

69109860 
0520028 
2072605 
2638532 B 
7266413 A 
2521388 B 
9603278 B 
5149579 
5180751 



A 
T 



T 
A 
T 



A 
A 



Publication 
date 



26-05-1992 
15-Q5-1995 
15-09-1991 
22-06-1995 
26-10-1995 
30-12-1992 
15-07-1995 

06- 08-1997 
17-10-1995 

07- 08-1996 

08- 03-1996 
22-09-1992 
19-01-1993 



GB 2253435 


A 


28-07- 


1993 


NONE 






EP G287826 


A 


26-10- 


•1988 


JP 
JP 
US 


7098349 B 
63252715 A 
4889659 A 


19-10-1988 
. 26-12-1989 


EP G841155 


A 


13-05 


-1998 


JP 
US 


1Q138350 A 
5928776 A 


27-07-1999 



Elo 



=offfl pCT/raA/2D6 Ipaiem fanily ann»Xl (July 18921 



PATENT COOPERATION TREATY 

• PCT ' 



INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 



Applicant's or agent's file reference 

D-43072-01 


FOR FURTHER Notification of Transmittal of International Search Report 
r\Jn rxjni ncn ^^^^ pcT/ISA/220) as well as, where applicable, item 5 below. 
ACTION 


International application No. 


International filing date (day/month/year) 


(Earliest) Priority Date (day/month/year) 


PCT/EP 99/07338 


04/10/1999 


19/10/1998 


Applicant 






CRYOVAC, INC. et al. 







This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 1 8. A copy is being transmitted to the International Bureau. 



This Intemational Search Report consists of a total of 5 sheets. 

I I It is also accompanied by a copy of each prior art document cited in this report. 



Basis of the report 

a. With regard to the language, the international search was carried out on the basts of the intemational application in the 
language in which it was filed, unless otherwise indicated under this item. 

rn the intemational search was carried out on the basis of a translation of the intemational application fumished to this 
^ Authority (Rule 23.1 (b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the intemational search 
was carried out on the basis of the sequence listing : 

I I contained in the intemational application in written form. 

[ I filed together with the intemational application in computer readable form. 

I I fumished subsequently to this Authority in written form. 

I [ fumished subsequently to this Authority in computer readble form. 

I I the statement that the subsequently fumished written sequence listing does not go beyond the disclosure in the 

intemational application as filed has been furnished. 
□ the statement that the infomiation recorded in computer readable form is identical to the written sequence listing has been 

fumished 



2- n Certain claims were found unsearchable (See Box I). 
3, [X] Unity of invention Is lacking (see Box II). 



4. With regard to the title, 

[X| the text is approved as submitted by the applicant. 

I I the text has been established by this Authority to read as follows: 



With regard to the abstract, 

nn the text is approved as submitted by the applicant. 

H the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box '>1- J^^^applicant may. 
1—1 within one month from the date of mailing of this intemational search report, submit comments to this Authority. 

The figure of the drawings to be published with the abstract is Figure No. 



□ as suggested by the applicant. □ None of the figures. 

I I because the applicant failed to suggest a figure. 
[ I because this figure better characterizes the invention. 



Form PCT/ISA/210 (first sheet) (July 1998) 



International application No. 

LI PCT/EP 99/07338 

INTERNATIOI^ SEARCH REPORT 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

1 Claims Nos.: . . . . * i^i. * i 

' ' because they relate to subject matter not required to be searched by this Authority, namely: 



^' ^ bic^use tTey relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



3. I I Claims Nos 



because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box 11 Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 



1.1 1 As all required additional search fees were timely paid by the applicant, this International Search Report covers all 

' ' searchable claims. 



2. rn As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3 I 1 As only some of the required additional search fees were timely paid by the applicant, this International Search Report 

I 1 covers only those claims for which fees were paid, specifically claims Nos.: 



No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

1-9,11 (part.) 

The additional search fees were accompanied by the applicant's protest. 
No protest accompanied the payment of additional search fees. 



Remarlc on Protest | | 

□ 



Form PCT/lSA/210 (continuation of first sheet (1)) (July 1998) 



International Application No. PCT/EP 99/07338 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



1. Claims: 1-9, 11 (in part) 



A thermoformable, multilayer, co-extruded sheet comprising 
at least 2 PR foam layers obtained by chemical foaming, and 
having different flexural modulus; additional functional 
layers can be present (barrier layer, tie layer, 
heat-sealing layer). A thermoformed article obtained from 
such a sheet and refering to any preceding claim is also 
defined in claim 11- 



2. Claims: 10, 11 (in part) 



thermoformable, multilayer, coextruded PP foam sheet 
..aving a density in the range of 0.5 to 0 85 g/cm3, and a 
flexural modulus higher than 400 MPa. A thermoformed articl( 
obtained from such a sheet and refering to any preceding 
claim is also defined in claim 11. 



A. CLASSIFICATION OF SUBJECT MA 

PC 7 B32B5/32 



According to International Patent Classifieation (IPC) or to both national classifioation and IPC 



INTERNATIONAL SEARCH REPORT 

♦ 



International Application No 

J/EP 99/07338 



B. FIELDS SEARCHED 



Minimum documentation searched (classifieation system followed by classification symbols) 

IPC 7 B32B 



Documentation searched ether than minimum documentation to the extent that such documents are included in the fields searched 



Etectronic 



data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category » Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



DATABASE WPI 

Section Ch, Week 9518 

Derwent Publications Ltd., London, GB; 

Class A32, AN 95-136446 

XPOO209516O 

6 JP 07 060816 A (ACHILLES CORP KK) , 

7 March 1995 (1995-03-07) 
abstract 

WO 91 13933 A (JAMES RIVER CORP) 
19 September 1991 (1991-09-19) 
cited in the application 
claims 19-24 

page 22, line 19 -page 23, line 14 

-/" 



1-3 



1-9,11 



0 



Further documents are listed in the continuation of box C. 



0 



Patent family members are listed in annex. 



° Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 
eariier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or- 
other means 

'P" document published prior to the international filing date but 
later than the priority date claimed 



•T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underiying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



6 January 2000 



Date of mailing of the international search report 



2 9. 03. 2000 



Name and mailing address of the ISA 

European Patent Office, P.B. 581 8 Patentiaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Girard, S 
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International Application No 
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C.(Continuation) DOCUMENTS CONSI^^^' 1 0 BE RELEVANT 




Category ** 


Citation of document, with indication, where appropnate, of the relevant passages 


Relevant to clainn No. 


A 

A V- 
A . 


GB 2 263 435 A (SHELL INT RESEARCH) 
28 July 1993 (1993-07-28) 

claims 1-3,7,9 
page 3, line 21 - line 25 
page 4, line 9 - line 33 

example 1 

EP 0 287 826 A (MITSUBISHI PETROCHEMICAL 
CO) 26 October 1988 (1988-10-26) 
column 3, line 54 -column 4, line 18 

EP 0 841 155 A (JSP CORP) 
13 May 1998 (1998-05-13) 
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THERMOFORMABLE MULTI-LAYER POLYPROPYLENE FOAM SHEET 
The present invention relates to a multi-layer, co-extruded, thermoformabie sheet suitable 
for the production of packaging material. 

In particular the present invention relates to a co-extruded, rigid or semi-rigid, sheet 
5 comprising at least two polypropylene foam layers, said sheet being thermoformabie into 
shaped articles for packaging. 

Thermoforming is a common method for forming trays to be used in the packaging art for 
holding the products to be packaged. In some cases pre-formed trays are fed to a filling 
machine which inserts or lays the product to be packaged onto the tray and then either seals on 
10 a lid or wrap the loaded tray up. In most of the cases, particularly in the packaging of food 
products, e.g. fresh red meat or processed meat, a horizontal thermoform-fill-seal machine is 
employed. Said machine typically requires two separate webs of material, a lower or bottom 
web and an upper or top web. The lower web must be designed to be easily thermoformabie 
as the machine creates a more-or-less shallow tray therefrom by pulling it across a heated 
15 cavity, or die, into which the sheet is drawn by vacuum at temperatures high enough to soften 
the sheet and allow it to adopt the shape of the cavity without tearing or cracking. 

The sheet employed for this purpose therefore must have a good balance between 
thermoformability, as the speed of the thermoform-fill-seal machine is limited by the time 
required in the thermoforming step and the appearance of the end package will mainly depend 
20 on that of the supporting tray, and stiffness, as the tray should not bend during the packaging 
process or be distorted by the weight of the packaged product. 

In some instances, when a lid is sealed to the tray or the tray rim, the lower web must also 
be heat-sealable. In some cases it is also required that said thermoformabie sheet has a low 
permeability to gases, in particular oxygen, in order to prolong the shelf-life of oxygen 
25 susceptible products, e.g. most of the food products. 

Other packaging machines, where an in-line thermoformabie lower web is required, are 
those employed for skin packaging. In these machines the lower web is thermoformed into a 
tray, the product to be packaged is loaded thereon and the upper web is drawn down by 
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vacuum all around the product until the film conforms so faithfully to the product contours 
that it becomes like a skin. Also in this case a thermoformable sheet with a good balance 
between thermoformability and stiffness is required that preferably has gas barrier properties. 

Cast solid sheets are typically employed for these applications. In some cases also foamed 
5 sheets are used, as the appearance of a foamed material is well appreciated in the market. One 
of the problems met with the foamed sheets is to obtain the desired balance between 
thermoformability and stiffness. 

It is an object of the present invention to provide a rigid or semi-rigid foam sheet material 
that can suitably be thermoformed into a shaped container, such as a tray. 
10 Another object of the present invention is to provide a thermoformable, multi-layer, co- 
extruded, polypropylene foam sheet having a density ranging from about 0.50 to about 0.85 
g/cm^ and a flexiiral modulus higher than 400 MPa. 

A still another object of the present invention is to provide a thermoformable foam sheet 
material co-extruded with a gas barrier layer for all those applications where a gas barrier 
15 packaging material is desired. 

It has been found that the above objectives can be achieved by a multi-layer, co-extruded, 
sheet of thermoplastic material comprising at least two separate layers of foamed 
polypropylene obtained by chemically foaming polypropylene resins with different flexural 
modulus. 

20 Polypropylene foam sheets comprising two different layers of foam polypropylene are 
described in WO 91/13933. More particularly said patent application describes polypropylene 
foam sheets obtained by physical foaming of a polypropylene resin with certain specific 
characteristics in terms of M^, M/M^ ratio, 1^^ (equilibrium compliance) and/or S/S 
(recoverable shear strain per unit stress). The process there described is a physical process, i.e. 

25 a process where foaming is obtained by the use of a blowing agent such as a hydrocarbon, e.g. 
butane and isopentane, a chlorinated or chloro-fluorinated hydrocarbon, e.g. chloro- 
difluoromethane, or an inert gas such as nitrogen or carbon dioxide. Generally, however, the 
use of a hydrocarbon either or a blend of a hydrocarbon with an inert gas obtains physical 
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foaming. This creates problems of safety during the manufacturing process as well as during 
stocking of the foamed material. It is in fact necessary to age the foamed material in the 
warehouses until the trapped blowing gas is evolved and has been replaced by air. Forced 
ventilation of the warehouses is required and, depending also on the type of blowing agent 
5 employed, 5 to 7 days of aging are necessary before the foamed product can be distributed to 
customers. 

WO 91/13933 also refers to the manufacture of a multi-layer foam sheet comprising a 
functional layer sandwiched betw^een two polypropylene foam layers, possibly with tie layers 
bonding the foam polypropylene layer to the functional one. The process there schematically 
iO described provides for a co-extrusion where the same polypropylene material is foam extruded 
into two different layers and the foaming is always a physical foaming, with the drawbacks 
indicated above. 

DETAILED DESCRIPTION OF THE INVENTION 
A first object of the present invention is a thermoformable, multi-layer, co-extruded sheet 
1 5 comprising at least two separate foam polypropylene layers obtained by chemical foaming of 
two different polypropylene resins having different flexural modulus, a "high modulus" 
polypropylene and a "low modulus" polypropylene. 

The flexural modulus of the "low modulus" polypropylene resin must be lower than 1 ,500 
MPa, preferably < 1,400 MPa, and even more preferably < 1,300 MPa. Examples of "low 
20 modulus" polypropylene resins are for instance those commercially available from Montell as 
Polypropylene KF 6100 (Flexural Modulus, evaluated by ISO Standard Method 178, of about 
1,300 MPa) and Polypropylene YX37F (Flexural Modulus of about 1,200 MPa). 

The flexural modulus of the "high modulus" polypropylene resin must be > 1,500 MPa. 
Preferably it will be > 1,650 MPa, and even more preferably > 1,800 MPa. Examples of "high 
25 modulus" polypropylene resins are those commercially available from Montell as Adstif*^ 
680 ADXP (Flexural Modulus of 2,150 MPa) and AdstiF^ 699 ADXP (Flexural Modulus of 
1,950 MPa). 

In the multi-layer co-extruded sheet of the present invention the two foam polypropylene 
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layers are separated by at least one substantially unfoamed layer. Any thermoplastic material 
or blend of thermoplastic materials can suitably be employed for said substantially unfoamed 
layer. The term "substantially unfoamed" is used herein to identify a layer that has not been 
submitted to a chemical foaming, i.e. that has not been admixed with a chemical foaming 
5 agent before extrusion. This term does not exclude, in particular for those layers that are 
directly adhered to the foam polypropylene layers, that the evolution of gas in the adjacent 
layers might give raise to a certain, non-substantial, foaming also in these layers. 

In case the material or blend of materials used for said layer would not adhere to the foam 
polypropylene layers with a sufficient bond, tie or adhesive layers may be employed to 
10 increase said bond and prevent possible delamination problems. 

In one preferred embodiment of the present invention recycle material is incorporated into 
said substantially unfoamed layer to give additional bulk to the sheet. 

In a more preferred embodiment however said substantially unfoamed layer is a gas barrier 
layer, i.e. a layer of a suitably selected polymeric material and of the suitably selected 
15 thickness to provide for an overall multi-layer sheet with an oxygen permeability lower than 
200 cmVmlday.atm, preferably lower than 150 cmVm^day.atm, more preferably lower than 
125 cmVm^day.atm, and even more preferably lower than 100 cmVm^.day.atm. 

Suitable resins for use in said functional layer are preferably ethylene-vinyl alcohol 
copolymers (EVOH), vinylidene chloride copolymers (PVDC), polycunides, and blends of one 
20 or more EVOH with one or more polyamides. 

As used herein, "EVOH" refers to ethylene-vinyl alcohol copolymers. EVOH includes 
saponified or hydrolyzed ethylene-vinyl acetate copolymers, and refers to vinyl alcohol 
copolymers having an ethylene comonomer content preferably comprised from about 28 to 
about 48 mole %, more preferably, from about 32 to about 44 mole % ethylene, and even more 
25 preferably, from about 38 to about 44 mole % ethylene, and a saponification degree of at least 
85 %, preferably at least 90 %. 

As used herein the term PVDC refers to a vinylidene chloride copolymer wherein a major 
amount of the copolymer comprises vinylidene chloride and a minor amount of the copolymer 



wo 00/23270 




PCT/EP99/07338 



comprises one or more unsaturated monomers copolymerisable therewith, typically vinyl 
chloride, and alkyl acrylates or methacrylales (e.g. methyl acrylate or methacrylate) or to a 
blend thereof in different proportions. Generally said PVDC contains plasticisers and/or 
stabilisers as known in the art. 

5 As used herein, the term polyamide is intended to refer to both polyamides and co-or ter- 
polyamides. This term specifically includes aliphatic polyamides or co-polyamides, aromatic 
polyamides or co-polyamides, and partially aromatic polyamides or co-polyamides, 
modifications thereof and blends thereof. 

In case one of the above gas barrier materials is employed for the substantially unfoamed 

10 layer, tie layers will be present to increase the bond between said layer and the foam 
polypropylene ones. Suitable tie layers will preferably comprise modified polyolefins, and 
more preferably modified polypropylene, modified polyethylene, and modified ethylene co- 
polymers, such as modified ethylene-a-olefin copolymers, and modified ethylene-unsaturated 
ester copolymers, e.g. modified ethylene-vinyl acetate copolymers. 

15 As used herein the term "modified", when referred to any polyolefm, is inclusive of 

modified polymer prepared by copolymerizing the homopolymer of the olefin or copolymer 
thereof with an unsaturated carboxylic acid, e.g., maleic acid, fumaric acid or the like, or a 
derivative thereof such as the anhydride, ester or metal salt or the like; or by incorporating into 
the olefin homopolymer or copolymer, an unsaturated carboxylic acid, e.g., maleic acid, fumaric 

20 acid or the like, or a derivative thereof such as the anhydride, ester or metal salt or the like. 
Examples of suitable modified polyolefins are in particular polymers having an anhydride 
functionality, as defined above, grafted thereon and/or copolymerized therewith and/or blended 
therewith, wherein preferably, such modified polymers have the anhydride functionality grafted 
on or polymerized therewith, as opposed to merely blended therewith. 

25 In a preferred embodiment the present invention relates to a thermoformable, multi-layer, 

co-extruded sheet comprising at least two separate foam polypropylene layers obtained by 
chemical foaming of two polypropylene resins having different flexural modulus, a "high 
modulus" polypropylene and a 'iow modulus" polypropylene, sandwiching a gas barrier layer 
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comprising a polymer selected from the group consisting of ethylene-vinyl alcohol 
copolymers (EVOH), vinylidene chloride copolymers (PVDC), polyamides, and blends of one 
or more EVOH and one or more polyamides, bonded to said foam polypropylene layers by 
means of tie layers. 

The thickness of the overall thermoformable sheet of the present invention is typically 
comprised between about 400 and about 1,300 |am. For most of the conventional applications 
a preferred thickness is in the range of from about 500 to about 1,000 |am, with a most 
preferred thickness in the range of from about 600 to about 900 |am. 

The thickness of each of the foamed polypropylene layers may range from about 100 to 
about 700 |j.m, and is preferably comprised between about 150 and about 550 |j.m, and more 
preferably between about 200 and about 400 |j.m. Generally the optimum thickness of the 
"low modulus" and of the "high modulus" polypropylene layers and their ratio depends on the 
numerical values thereof and could be easily determined, by trial and error, bearing in mind 
that the flexural modulus of the end multi-layer sheet should be higher than 400 MPa, 
preferably higher than 500 MPa, and even more preferably higher than 600 MPa. 

When the substantially unfoamed layer separating the two polypropylene foam layers is 
not a functional layer, its thickness is not critical. Layers as thin as few |am's or as thick as 
250, 300, 350, or more |am can be present. 

When the substantially unfoamed layer is a functional layer, its thickness is generally 
controlled and comprised between about 5 and about 50 |am, preferably between about 6 and 
about 40 |j.m, and even more preferably between about 7 and about 30 jam. The thickness of 
said functional layer should in fact be high enough to guarantee the desired maximum oxygen 
permeability of the end sheet, but, mainly in view of the cost of the raw polymers, should not 
be considerably higher than that. 

The thickness of the tie layers, as usual, will be limited to few \im's i.e. what is generally 
needed to provide for the desired bond. As foaming does modify the polymer surface at the 
interface with the adjacent layers, it is generally required a slightly higher thickness of the tie 
layers with respect to the corresponding unfoamed structure, e.g. typically up to about 20 ^m. 
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Even when an end sheet is obtained wherein the two- foamed polypropylene layers are both 
outer layers, the structure is not symmetrical owing to the different modulus of the two 
polypropylene layers. Thermoforming of this structure needs to be carried out in such a way 
5 that the "low modulus" polypropylene layer is the layer in contact with the die cavity and the 
"high modulus" polypropylene layer is the upper layer in direct contact with the product to be 
packaged. 

When the thermoformable sheet according to the present invention is used in a packaging 
process that comprises sealing of an upper web or lid to the tray surface, it would be highly 
10 desirable to have a heat-sealing layer adhered on the outer surface of the foamed "high 
modulus" polypropylene layer. 

As used herein the term "adhered", as applied to sheet layers, includes both direct 
adherence of the subject layer to the other layer referred to or to the other two layers the 
subject layer is between, as well as a lack of direct adherence, i.e., one or more additional 
15 layers can be imposed between the subject layer and the other layer referred to or between the 
subject layer and one or both of the layers the subject layer is between. 

Such a heat-sealing layer would be a layer of a substantially unfoamed, heat-sealable resin 
or blend of resins, and will provide for an improved heat-sealability of the overall structure. 
Said heat-sealing layer will be the upper layer in the end sheet, i.e. the layer that in the tray 
20 will be supporting the product to be packaged and will be in direct contact therewith. 

Suitable heat-sealing polymers preferably have a melting point < 140 °C, and preferably < 
130^C. Such a heat-sealing layer will typically comprise polyethylene homopolymers; 
heterogeneous or homogeneous ethylene-(C4-C8)-a-olefm copolymers having a density < 
0.915 g/cm^ blends thereof with minor amount of polyethylene homopolymers; ethylene- 
25 vinyl acetate copolymers; ethylene-acryiic or methacrylic acid copolymers including 
ionomers; heterogeneous or homogeneous ethylene-(C4-C8)-a-olefm copolymers having a 
density from about 0.915 g/cm^ to about 0.930 g/cm'\ blends thereof with ethylene-vinyl 
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acetate copolymers or ethylene-alkyl (meth)acrylate copolymers; ethylene-propylene-butene 
ter-polymers; ethylene-alkyl acrylate-maleic anhydride ter-polymers; and the like polymers. 

If necessary or desirable, a tie layer will be present to bond the heat-sealing layer to the 
polypropylene foam one. 

In a preferred embodiment of the present invention the thermoformable, multi-layer, co- 
extruded sheet may also comprise an easy opening feature. 

As an example, the heat-sealing layer of the thermoformable sheet may comprise a so- 
called "peelable" blend. When the thermoformed bottom web, bearing said peelable blend in 
the upper heat-sealing layer, is sealed to a suitably selected top web, easy opening of the end 
package is then obtained by separating the two webs at the seal interface by a peeling 
mechanism. 

Alternatively a thin heat-sealing layer may be adhered directly to the foamed 
polypropylene or to a layer of a polymer with which it has a low bond. In this case the easy 
opening of the package is obtained by first breaking through the thickness of the thin heat- 
sealing layer and then delaminating said heat-sealing layer from the underlying support or 



Still alternatively the easy opening feature is provided by the use of a layer of a blend of 
only partially compatible polymers having a low internal cohesion. Said low cohesion layer 
may possibly be coated with a thin heat-sealing layer. Opening of the package in such a case 
is achieved by internal rupture of the low cohesion layer (and if present of the thin heat- 
sealing layer first). Examples of blends useful in this alternative easy opening system are 
described for instance in EP-B-192,131. 

It is not necessary that at least one of the outer layers of the thermoformable sheet of the 
present invention be a layer of "low modulus" foamed polypropylene. It is in fact also 
possible to coat said polypropylene layer, still by a co-extrusion process, with one or more 
layers of a thermoplastic foamed or solid material or blend of materials. Said additional 
layer(s) may be useful for instance to improve the appearance or the properties of the 
thermoformable sheet, e.g. providing a paper-like appearance or a colored/metallised 



film. 
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appearance or providing the thermoformable sheet with UV absorbing properties, antistatic 
properties, or slip properties. As the 'iow modulus" foamed polypropylene layer is always 
closer to the die cavity than the "high modulus" one, the material that will be present in the 
outer layer adhered to said "low modulus" foamed polypropylene layer should be selected in 

5 such a way to withstand direct contact with the heated cavity die during thermoforming. 

One of the advantages of the thermoformable sheet according to the present invention is 
that it can be obtained by co-extrusion, using a flat die. The use of a flat die and of the flat 
sheet technology, providing for the calendering of the flat multilayer sheet following 
extrusion and quenching, allows a better thickness control of the end sheet. An annular die, as 

10 required in the physical foaming processes, could however be employed also in this case. 

Chemical foaming of the propylene layers is obtained by extruding the resins admixed 
with the suitable amount of a chemical blowing agent, preferably an endothermic chemical 
blowing agent. 

A chemical foaming agent is a chemical or compound that reacts or decomposes at 
15 elevated temperatures, such as those employed in extrusion, to give a product that is normally 
a gas at atmospheric pressure. The most common chemical foaming agent is sodium 
bicarbonate with a small amount of citric or tartaric acid as a co-agent. These agents are 
typically in dry powder form and are dusted or master-batched into the thermoplastic pellets 
prior to introduction into the extrusion equipment. Proprietary alkali carbonate mixtures 
20 suitable as chemical foam agents are those commercialised by Boehringer Ingelheim under 
the trade name HydroceroF^ or by Hoechst Celanese under the trade name Hostatron"^*^. 
Generally these products are sold in the form of master-batches containing about 40 % of 
foaming agent £ind said master-batches are added to the polypropylene pellets in an amount 
typically comprised between about 0.2 and about 3.0 % by weight, preferably between about 
25 0.5 and about 2 % by weight. In the co-extrusion process for the manufacture of the 
thermoformable sheet according to the present invention, the two polypropylene resins need 
not to contain the same foaming agent or the same amount of foaming agent. Typically the 
amoimt of foaming master-batch in a core polypropylene layer will be comprised between 
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about 0.5 and about 1.5 % by weight, while it will be comprised between about 1 and about 
2.5 % by weight if the foamed polypropylene layer is an outer layer. 

The invention may be further understood by reference to the following examples that are 
provided for the purpose of representation and are not to be construed as limiting the scope of 
5 the invention. Unless stated otherwise, all percentages, parts, etc, are by weight. 

Example 1 

The following resins have been co-extruded through a flat die in the sequence reported 
below. The layer number 1 . is the sheet layer that in the thermoforming process is in contact 
with the heated cavity die. The thickness of each layer in the end partially foamed sheet is also 
10 reported between parentheses : 

1. Low flexural modulus polypropylene (Montell YX37F sold by Montell - flexural 
modulus of about 1,200 MPa) blended with 2 % by weight of Hydrocerol™ CF 40 E 
(350 |am); 

2. Modified ethylene-vinyl acetate copolymer (Orevac™ 1821 1 sold by Elf Atochem) 
15 (15 jam); 

3. Ethylene-vinyl alcohol copolymer (EVALC F-101 BZ sold by Kuraray) (21 (am); 

4. Modified ethylene-vinyl acetate copolymer (Orevac™ 1821 1 sold by Elf Atochem) 
(15 ^im); 

5. High flexural modulus polypropylene (AdstiF^ 699 ADXP sold by Montell - 
20 flexural modulus of about 1950 MPa) blended v^dth 1 % by weight of Hydrocerol™ CF 

40 E (260 lam); 

6. Modified ethylene-vinyl acetate copolymer (Orevac™ 1821 1 sold by Elf Atochem) 
(20 ^m); 

7. Blend of 66 % by weight of ionomer (Surlyn™ 1601 sold by DuPont), 24 % by 
25 weight of modified ethylene-vinyl acetate copolymer (Elvaloy™ 741 A sold by 

DuPont), and 10 % of polybutene (Polybutene 8640 sold by Shell) (12 fim); 

8. Ethylene-vinyl acetate copolymer (Escorene™ UL00909 sold by Exxon) (7 ^im). 
The co-extruded sheet has been quenched on a chill roll and calendered. 
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Flexural modulus of the end sheet was about 850 MPa in MD (machine direction) and 
about 750 MPa in TD (transverse direction). 

The density of the end sheet was about 0.7 g/cm'\ 

Oxygen permeability of the obtained structure was about 1-2 cm'^/m'.day.atm, when 
5 measured at 23 °C and 0 % R. H. according to ASTM D3985. 

The thermoformability in-line of the obtained sheet was tested on a Multivac CD 6000 
machine for Vacuum Skin Packaging. The thermoforming conditions were as follows : 

- forming temperature : 150 °C (with sandwich plate) 

- forming pressure : 2.5 bar 
10 - heating time : 5 seconds 

- forming depth : 5 mm, 20 mm, and 27 mm. 

In all the three depths tested the results were very good and both comers and grooves were 
very well defined with no creases or cracks. 
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CLAIMS 

1. A thermoformable, multilayer, co-extruded sheet comprising at least two separate 
foam polypropylene layers obtained by chemical foaming of two polypropylene 
resins having different flexural modulus, a "high modulus" polypropylene and a 
"low modulus" polypropylene, 

2. The thermoformable sheet of claim 1 wherein the "low modulus" polypropylene 
resin has a flexural modulus lower than 1,500 MPa, preferably < 1,400 MPa, and 
even more preferably < 1,300 MPa. 

3. The thermoformable sheet of claim 1 wherein the "high modulus" polypropylene 
resin has a flexural modulus > 1,500 MPa, preferably > 1,650 MPa, and even more 
preferably > 1,800 MPa. 

4. The thermoformable sheet of claim 1 wherein at least one substantially unfoamed 
layer is positioned between the two foam polypropylene layers. 

5. The thermoformable sheet of claim 4 wherein the substantially unfoamed layer is a 
gas barrier layer. 

6. The thermoformable sheet of claim 5 wherein the gas barrier layer comprises a 
polymer selected from the group consisting of ethylene-vinyl alcohol copolymers 
(EVOH), vinylidene chloride copolymers (PVDC), polyamides, and blends of one 
or more EVOH and one or more polyamides. 

7. The thermoformable, multilayer, co-extruded sheet of claim 1 comprising at least 
two separate foam polypropylene layers obtained by chemical foaming of two 
different polypropylene resins having different flexural modulus, a "high modulus" 
polypropylene and a "low modulus" polypropylene, sandwiching a gas barrier layer 
comprising a polymer selected from the group consisting of ethylene-vinyl alcohol 
copolymers (EVOH), vinylidene chloride copolymers (PVDC), polyamides, and 
blends of one or more EVOH and one or more polyamides, bonded to said foam 
polypropylene layers by means of tie layers of modified polyolefms. 
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The thermoformable multilayer sheet of claim 7 further comprising a heat-sealing 
layer adhered on the outer surface of the "high modulus" polypropylene foamed 
layer, said heat-sealing layer comprising one or more polymers having a melting 
point < 140 °C, and preferably < 130°C. 

The thermoformable multi-layer sheet of claim 8 wherein the heat-sealing layer 
comprises a polymer selected from the group consisting of polyethylene 
homopolymers; heterogeneous or homogeneous ethylene-(C4-C8)-a-olefm 
copolymers having a density < 0.915 g/crn^; blends thereof with minor amount of 
polyethylene homopolymers; ethylene-vinyl acetate copolymers; ethylene-acrylic or 
methacrylic acid copolymers including ionomers; heterogeneous or homogeneous 
ethylene-(C4-Cg)-a-olefm copolymers having a density from about 0.915 g/cm** to 
about 0.930 g/cm\ blends thereof with ethylene-vinyl acetate copolymers or 
ethylene-alkyl (meth)acrylate copolymers; ethylene-propylene-butene ter-polymers; 
ethylene-alkyl acrylate-maleic anhydride ter-polymers; and the like polymers. 
A thermoformable, multi-layer, co-extruded, polypropylene foam sheet having a 
density ranging from about 0.50 to about 0.85 g/cm', preferably ranging from from 
about 0.60 to about 0.80 g/cm^ and a flexural modulus higher than 400 MPa. 
A thermoformed article obtained from a sheet according to any of the preceding 
claims. 
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1. Claims: 1-9, 11 (in part) 

A thermoformable, multilayer, co-extruded sheet comprising 
at least 2 PP foam layers obtained by chemical foaming, and 
having different flexural modulus; additional functional 
layers can be present (barrier layer, tie layer, 
heat-sealing layer). A thermoformed article obtained from 
such a sheet and refering to any preceding claim is also 
defined in claim 11. 



2. Claims: 10, 11 (in part) 

A thermoformable, multilayer, coextruded PP foam sheet 
having a density in the range of 0.5 to 0.85 g/cm3, and a 
flexural modulus higher than 400 MPa. A thermoformed article 
obtained from such a sheet and refering to any preceding 
claim is also defined in claim 11. 
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